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ABSTRACT 
 
Introduction: The standard process of evaluating craniofacial structures on planar 
radiographs is being replaced by 3D evaluation using low dose cone beam tomography 
images. However, current 3D analyses are still using the traditional landmarks from the 
2D analysis as references. In the world of 3D, the literature is lacking adequate landmarks 
that take advantage of the 3-dimensional nature of these 3D images. The objective of the 
study was to evaluate the reliability and reproducibility of identifying various landmarks 
specific to a CBCT.  These landmarks include points from traditional cephalometric 
analysis and points which are uniquely found on CBCT.  The landmarks were 
strategically selected in order to represent different parts of the skull utilized in three 
dimensional cephalometric measurements.  
Methods: Fifty CBCT datasets of Skeletal Class I, normodivergent patients without any 
noticeable craniofacial deformities from a CBCT repository were included in the study. 
 v 
Landmarks were chosen from diverse parts of the skull that ranged from bony landmarks, 
foramina and the teeth using a 3d prototyping software, Mimics ® v18.0(Materialise, 
Leuvem Belgium).  Three examiners relocated the landmarks three separate times.  
Coordinates were recorded in the x, y and z axes.  Intra- and inter-examiner reliabilities 
were calculated using the interclass correlation coefficient (ICC) along with the 
demographic data.  
Results: Bony protrusions such as the lingulae, and the crista galli or tips of the incisor 
teeth proved to be the most reproducible with the highest reliability between the three 
examiners readings.  The vast majority of the landmarks had good (>.75) to excellent 
(>.9) mean ICC. 
Conclusion: Choosing different landmarks specific for CBCTs were found to have good 
to excellent reliability between examiners who are properly trained to find the points.   
These points may represent a new type of standard when determining landmarks for 3-D 
evaluation of the skull. 
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BACKGROUND AND SIGNIFICANCE 
 
Orthodontists have relied on lateral cephalometric radiographs as the standard of 
care since 1931 when Broadbent introduced the cephalostat 5.  With this technique an 
orthodontist takes a radiographic image of patients using a lateral cephalometric machine 
and receive a 2-dimensional sagittal view of the skull.  From this image, clinicians are 
able to create a standard visualization of the human skull, identify various landmarks and 
assign quantifiable measurements to and from these various landmarks.  Depending on 
where the landmarks are and how they relate to each other can give the orthodontist 
information about a patient’s possible growth pattern or dentoskeletal relationships. 
The reproducibility of landmark identification using this method was found to be 
very high for certain landmarks such as sella turcica or articulare.  However, there can be 
significant variability in effectively identifying other landmarks such as pogonion, 
orbitale and apices of the upper incisor7.  These differences in ability to identify 
landmarks can negatively affect measurements which are used to influence an 
orthodontists’ treatment plan.   
An example of a difficult land mark is B point.  B point is a landmark that serves 
as an indicator of mandibular position.   The fact that B point is located on a curve 
instead of a sharp point leads to varied judgment about its location3.  Such an error can 
give the orthodontist incorrect information when creating a treatment plan for the patient. 
There are several sources of possible error when using a traditional lateral 
cephalometric radiograph.  Limitations of the accuracy of traditional lateral 
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cephalometric radiographs include overlapping of images of anatomical structures 
(Figure I). In addition, bilateral landmarks can be separated widely due to head 
positioning errors 2.  In addition, since X-rays come from a point source they will diverge 
toward the screen, so there is a variable amount of magnification in the radiographs.  
Landmarks located further from the film will present higher magnification comparing to 
those closer because of the divergence from the origin of exposure20.  This difference in 
magnification can introduce error when locating landmarks.  In those cases, the midpoint 
between the two projections of the specified landmarks are utilized for cephalometric 
evaluation. 
Prior studies have shown that when taking a posteroanterior cephalometric 
radiograph in order to detect any asymmetry, it was determined that there was significant 
internal orientation error from the head position28.  Determining asymmetry with a CBCT 
can have less error because there are no sources of error in head positioning involved.   
The cone beam computerized tomography scan has become the standard of care in 
many cases18.  The 3-D reformatted images from a CBCT are now preferred for diagnosis 
and treatment planning especially in cases of asymmetry, skeletal discrepancies, and 
tooth impaction in which a lateral cephalometric radiograph may be deficient in 
diagnostic content 6.  A surgeon is able to better evaluate a patients’ jaw position in three 
dimensions from the 3-D rendering from a CBCT, thus making surgical treatment 
objectives more predictable13.  There are other benefits from using a CBCT such as the 
ability to assess both hard and soft tissue in three dimensions 11.     
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Figure I.  (A) Mandibular border.  (B) Ridge of the orbit.  CBCT demonstrating 
left and right structures not superimposing on each other creating a scenario where the 
midpoint of a landmark is chosen.  
 
 
Additional useful observations include the level of the alveolar bone and full 
evaluation of any bony dehiscence or fenestrations 26.  Tooth positions can also be more 
accurately evaluated in the 3-D rendering.  Inclination and torque can be more precisely 
determined instead of relying on operator experience or the prescription of a bracket 27.  
Impacted teeth can be fully visualized relative to other teeth or bony structures and can be 
evaluated for the best possible path of eruption12.  With this added information the 
orthodontist is able to avoid potential damage and root resorption associated with 
A 
B 
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impacted teeth.  Additionally, the placement of mini implants for anchorage can be 
planned more exactly to avoid perforation of the roots. 13 
 An additional evaluation available in planning is the consideration of airway.  The 
volume of the entire airway can be determined from a CBCT scan 5.  Issues with mouth 
breathing and sleep apnea can now be addressed in treatment plans.  Diagnosis of skeletal 
discrepancies and subsequent planning of surgical correction can be more reliably done 
using a CBCT scan.   
 A lateral cephalometric images can be reconstructed from a CBCT.  Although 
there are weaknesses in a 2-dimensional format, some can be compensated for with the 
CBCT.  Using the available software, analysis of volumetric data can correct the issue of 
improper patient position.   Patient head orientation can be manipulated thus reducing 
superimposition errors. 21 Distortions seen with traditional cephalometric radiographs are 
negligible in CBCT since there can be a one to one ratio for measurements, and the lack 
of magnification prevents the inherent errors from the magnification noted in traditional 
cephalometric films 20.   
 CBCTs may allow visualization of additional structures that may serve as 
landmarks in the 3-D volume but cannot be accurately located on a lateral cephalometric 
film.   Two such examples are the lingula and the genial tubercles.  Both landmarks are 
not identifiable on a traditional lateral cephalometric film, but can be easily identified 
using the varied reformats available with CBCT23.  Because of the lingula’s connection to 
nerve and vascular structures, the lingula is an important structure to oral and 
maxillofacial surgical procedures such as mandibular advancements for orthodontic 
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treatment 24.  There are two genial tubercles which serve as attachment for geniohyoid 
muscle, consistently near the apices of the lower central incisors19.   
 Landmarks taken from several different regions of the skull can be utilized for 
measurements.  Structures such as the anterior clinoid processes can be used as a more 
reproducible substitute for sella.  Locations of A point and B point can vary the most 
between operators.  Substituting the anterior portion of incisive foramen exiting the 
palate of the maxilla for A point and the genial tubercles for B point can reduce the 
amount of error when choosing indicators for maxillary and mandibular position.   
In addition to locating marks that are not traditional to CBCTs, conventional 
landmarks already known to be reliable can also be more easily identified.  Points which 
are often difficult to locate on a lateral cephalometric film such as condylion can be more 
easily located on a CBCT.  
Finding well established dental landmarks have proven to be more reliable and 
more reproducible on a CBCT.   Studies have shown that when examiners simultaneously 
pinpointed the same landmarks on a lateral cephalometric film and a CBCT that they 
were more reproducible and reliable on CBCT.  This adds further support to the claim 
that a CBCT can be a useful a replacement for lateral head films 16. 
Rotational descriptions of the skull can give orthodontist a more complete 
diagnosis when treatment planning patients.   With 2-D images the human skull can be 
described in the anteroposterior, transverse and vertical dimensions.  When a skull is 
evaluated in all three dimensions, rotational descriptors such as pitch, roll and yaw can be 
supplemented.  Pitch is defined as rotation parallel to the sagittal plane, roll describes the 
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rotation parallel to the frontal plane, and yaw describes the rotation along the transverse 
axis 1.   
Pitch, roll and yaw can be evaluated on a CBCT directly and quantified with three 
dimensional planes supplementing linear measurements.  This is made possible with 
location of landmarks on a CBCT and creating a three-dimensional analysis.      
Using CBCTs can result in more reliable and uniform measurements that can 
translate to better care for patients.  Often times, when a CBCT scan is taken on a patient 
the orthodontist will take a constructed lateral cephalometric head film from the CBCT17.   
Several studies have shown that there is no significant difference in identifying 
landmarks from a CBCT and a lateral cephalometric film constructed from a CBCT 
scan10. The objective of this research project was to locate landmarks, new and old, and 
identify this level of reproducibility directly on a CBCT bypassing the need to create a 
constructed lateral cephalometric head film.  In conjunction with another study, the 
landmarks will be used to construct a three dimensional analysis of the skull. 
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MATERIALS AND METHODS 
 
The sample size consisted of 50 CBCT scans obtained from a CBCT repository 
held by the Boston University Department of Orthodontics and Dentofacial Orthopedics.  
These scans were taken on patients who presented for orthodontic treatment.  Patients 
who had facial abnormalities requiring surgical intervention were excluded.  A lateral 
cephalogram was constructed from the CBCT scan data in order to screen for patients 
with a Class I skeletal pattern and normodivergent mandibles in Dolphin® (Patterson 
Dental Supply, Sanford, FL) software.   
Twenty-six landmarks were located on each scan by three examiners.  Some 
landmarks were chosen from prior cephalometric analyses.  Points such as basion, 
posterior nasal spine, and anterior nasal spine already used in cephalometric analysis 
were chosen to evaluate their reliability in three dimensions.  Other anatomic points such 
as lingula, the left and right anterior clinoid processes, and genial tubercles were chosen 
because they could easily be located using a three dimensional volume but could not be 
easily found on a lateral cephalometric film for a variety of reasons. 
The landmarks were strategically chosen to represent different areas of the human 
skull.  For example, incisive foramen exiting the maxillary palate was chosen in order to 
be an indicator of the anterior maxilla, while the lingula was selected to represent the 
body of the mandible.  These points and their locations will be used in further studies in 
order to develop a 3-D orthodontic analysis.  All the points are listed and defined on table 
I. 
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Table I.  Landmarks their locations the reasoning to for finding them (continues). 
Landmarks Location Reason 
Anterior Clinoid Process of 
Sella turica (L/R) (Figure I.) 
Middle cranial base.  Located 
anteriorly to sella turcia in sphenoid 
bone 
Limit for middle 
cranial base. 
Crista Galli Anterior cranial base.  Mid face 
feature in ethimoid bone 
Reference point 
anterior cranial 
base 
Lingula (L/R) Located on the medial aspect of the 
ramus of mandible. 
Indicator for 
ramus position.   
Incisive foramen Located in mid palate region of 
maxilla. 
Indicator for 
maxilla position 
Genial Tubercles (L/R) Located mid region of body of 
mandible.   
Indicator for 
mandible body 
position 
Nasion Located at junction of nasion bone 
and frontal bone. 
Limit for anterior 
cranial base 
Condylion (L/R) Located at posterior junction of 
mandble  
Posterior limit for 
mandible 
Lesser Palatine foramen 
(L/R) 
Located at lateral posterior portion 
of maxilla 
Posterior marker 
for maxilla 
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Table I.  Landmarks their locations the reasoning to for finding them (continued). 
 
 
As a trial all three examiners found the landmarks on a scan of a dry skull.  Points 
were labeled with a gutta percha marker on the dry skull and the skull scanned again.  An 
inter- examiner ICC was done in order to test how reliable the points were relative to the 
gutta percha marker.  This initial trial was performed in order to verify the examiners’ 
ability to identify the landmarks.   
Three examiners located the same set of landmarks on three separate dates in 
Mimics ® v18.0 (Materialise, Leuven Belgium) over a one-year period.  The scan data 
Landmarks Location Reason 
Pogonion (L/R) Located at the anterior point of 
mandible  
Anterior limit of 
mandible 
Posterior nasal spine Located at the posterior portion 
of the maxilla 
Most posterior point of 
maxilla 
Anterior nasal spine Located at the anterior portion of 
the maxilla 
Most anterior point of 
maxilla 
Basion Located at the anterior portion of 
foramen magnum. 
Anterior indicator for 
posterior cranial base. 
Tips/Apices of upper and 
lower Incisors (L/R) 
Most protruding point of tip or 
apex and most centered area.. 
Inclination of the 
incisors. 
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was imported from the database and downloaded on to Mimics ® v18.0 (Materialise, 
Leuven Belgium) software.  Each examiner was calibrated to locate the landmarks in a 
reproducible manner.  For example, the most posterior-superior point of the genial 
tubercles was defined as the location for the genial tubercles.  All landmark definitions 
can be seen in table II.  The CBCTs identity was masked to the examiner in order to 
minimize hindsight bias.  At four months three examiners were presented with the same 
CBCT scans and located the points again.  When locating the landmarks examiners 
verified the location of each landmark on all three planes of space (sagittal, transverse 
and frontal) multiplanar slices.  Multiplanar slices were used instead of the 3-D 
reconstruction because of higher accuracy of the slices9.    
Reliability was determined by calculating the inter- and intra-examiner ICC value 
by using the SAS 9.4 program® (SAS Institute Inc, North Carolina).  When interpreting 
interclass coefficient (ICC) values, any value underneath .50 was regarded as poor, .5 to 
.75 was moderate, .75 to .9 was good and above .9 was considered excellent 15.   
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Landmark Reference point for location 
Anterior Clinoid processes of Sella turica Most posterior superior point 
Crista Galli Most superior point 
Lingula Most me point. 
Incisive foramen Most medial anterior point. 
Genial Tubercles Most superior posterior point 
Nasion Most anterior superior point 
Condylion Most posterior superior point 
Apex of U1  Most superior posterior point 
Tip of U1 Most anterior inferior point 
Lesser Palatine foramen Most superior anterior point 
Tip of L1 Most superior anterior point 
Apex of L1 Most posterior inferior point 
Pogonion Most anterior lateral point 
Posterior nasal spine Most posterior point 
Anterior nasal spine Most anterior point 
Basion Most posterior point 
Table II.  Reference for land marks. 
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Figure II. (A) Frontal view of the skull showing nasion, anterior nasal spine and 
pogonion. (B) A posterior view of the mandible with the lingula, condylion and genial 
tubercle. 
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Figure II. (C) Inferior view of the maxilla with posterior nasal spine, lesser formamen 
and incisive foramen. (D) Superior view of the floor of the cranium with basion, anterior 
clinoid process and crista galli.  
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RESULTS 
 
When examiners were presented with the dry skull; reliability was found to be 
good to high for all landmarks as seen on table III.   
 
 
Dry skull results x y z 
Lesser Palatine Foramen L 0.8 0.81 0.78 
Lesser Palatine Foramen R 0.79 0.83 0.8 
Incisive Foramen 0.91 0.88 0.9 
Genial Tubercle L 0.92 0.92 0.91 
Genial Tubercle R 0.91 0.93 0.94 
Lingula L 0.98 0.97 0.98 
Lingula R 0.97 0.98 0.96 
Crista Galli  0.95 0.93 0.94 
Nasion 0.89 0.91 0.9 
Basion 0.82 0.82 0.82 
Condylion L 0.86 0.84 0.87 
Condylion R 0.85 0.86 0.88 
Anterior Clinoid Process L 0.92 0.92 0.89 
Table III. Dry skull results (continues). 
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Dry skull results x y z 
Anterior Clinoid Process R 0.91 0.93 0.93 
Pogonion L 0.82 0.85 0.82 
Pogonion R 0.86 0.86 0.82 
Anterior Nasal Spine  0.93 0.9 0.9 
Posterior Nasal Spine 0.93 0.94 0.95 
Table III. Dry skull results (continued). 
 
 
The intra-examiner ICC was determined to be moderate to excellent on all points 
for the CBCT scans.  Landmarks that had particularly high intra-examiner ICC were the 
left and right lingula of the mandible, incisive foramen of the maxilla and the crista galli 
of the ethmoid bone.  All three points registered an intra-examiner reliability of at least 
.90 on the X, Y and Z coordinates.  The incisor tips also had high intra-examiner ICC 
reliability with all points having at least .90 ICC.  Landmarks that had values below .8 
ICC were the genial tubercles of the mandible (L/R) and also the lesser palatine foramen 
of the maxilla(L/R).  The genial tubercles had ICCs of .79 on the Z axis and a .78 on the 
X axis.  Even though the correlation was lower than the collectively high correlations of 
the other points they still are considered moderately well correlated.  
The inter-examiner ICC results paralleled those of the intra-examiner ICC.  Once 
again, crista galli had excellent reliability with all three coordinate planes, registering 
above .90.  Both genial tubercles had slightly lower levels of reliability, the lowest being 
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.61 on the X coordinate of right genial tubercle.  However, an ICC value of .61  is still 
classified as moderate reliability15 .  All inter- and intra-examiner ICC results can be seen 
on table V. 
 
 
 
 
 
 
 
 Table IV. ICC value index. 
 
 ICC Value 
Poor <.50 
Moderate .50 -.75 
Good .75-.90 
Excellent >.90 
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Table V. Intra and inter examiner values for landmarks (continues). 
  Intra-correlation Inter-correlation 
  n x y z x y z 
Anterior Nasal Spine 50 0.99 0.97 0.972 0.98 0.98 0.8 
Anterior Clinoid L 50 0.66 0.81 0.81 0.81 0.96 0.82 
Anterior Clinoid R 50 0.94 0.83 0.75 0.9 0.98 0.86 
Basion 50 0.98 0.95 0.9 0.97 0.99 0.87 
Condylion L 50 0.96 0.89 0.97 0.87 0.96 0.81 
Condylion R 50 0.97 0.88 0.94 0.77 0.96 0.92 
Cristi Gali 50 0.99 0.93 0.91 0.91 0.97 0.92 
Genial Tubercle L 50 0.86 0.93 0.79 0.91 0.88 0.72 
Genial Tubercle R 50 0.78 0.92 0.77 0.61 0.81 0.75 
Incisive foramen 50 0.97 0.88 0.97 0.94 0.96 0.81 
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Table V. Intra and inter examiner values for landmarks (continued)
  Intra-correlation Inter-correlation 
  n x y z x y z 
Lesser Palatine 
Foramen L 
50 0.81 0.75 0.85 0.61 0.81 0.7 
Lesser Palatine 
Foramen R 
50 0.75 0.86 0.7 0.85 0.79 0.74 
Lingula L 50 0.98 0.97 0.91 0.99 0.98 0.91 
Lingula R 50 0.95 0.92 0.97 0.95 0.98 0.94 
Pogonion L 50 0.96 0.98 0.92 0.92 0.98 0.84 
Pogonion R 50 0.89 0.96 0.88 0.84 0.87 0.8 
Nasion 50 0.92 0.99 0.98 0.98 0.97 0.82 
Posterior Nasal Spine 50 0.95 0.98 0.84 0.91 0.92 0.9 
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Table VI. Intra-examiner ICC of incisors. 
 
Inter-examiner ICC n x y z 
Tip of Upper L Incisor 50 0.95 0.94 0.92 
Tip of Upper R Incisor 50 0.97 0.95 0.92 
Tip of Lower L incisor 50 0.97 0.99 0.91 
Tip of Lower R incisor 50 0.93 0.98 0.97 
Apex of Upper L incisor 50 0.93 0.97 0.82 
Apex of Upper R incisor 50 0.97 0.95 0.79 
Apex of Lower L incisor 50 0.93 0.99 0.89 
Apex of Lower R incisor 50 0.91 0.92 0.87 
Table VII. Inter-examiner ICC of incisors. 
Intra-examiner ICC n x y z 
Tip of Upper L Incisor 50 0.94 0.95 0.93 
Tip of Upper R Incisor 50 0.98 0.97 0.97 
Tip of Lower L incisor 50 0.97 0.99 0.92 
Tip of Lower R incisor 50 0.93 0.97 0.9 
Apex of Upper L incisor 50 0.94 0.98 0.81 
Apex of Upper R incisor 50 0.98 0.97 0.82 
Apex of Lower L incisor 50 0.91 0.99 0.89 
Apex of Lower R incisor 50 0.94 0.92 0.9 
 20 
DISCUSSION 
 
Prior studies have shown that lateral cephalometric film landmarks can have 
sources of error even when regarded as a highly reliable landmark.   Sella has been 
demonstrated to be highly reproducible even though the point is the visual estimation of 
the center of the sella turica3.   With CBCT there is no need for estimations as long as 
every landmark can be designated as a concise point in all three planes. 
Certain landmarks for this study were chosen to be familiar to current clinicians, 
which was the reason for selecting the anterior clinoid processes, but some new 
landmarks were needed to differentiate landmarks from traditional 2-D cephalometric 
studies to 3-D ones.  For example, crista galli and lingula are both unidentifiable on a 
lateral cephalometric film but can be easily found on a CBCT.  In addition, they both 
represent distinct regions on the skull.  
 With CBCTs, foramina can be used as landmarks because they can be easily 
located.  Traditional lateral cephalometric analyses utilize the foramen magnum because 
it is large enough to be seen in lateral view, but other foramina cannot be distinguished in 
the 2-D film when the left and right sides are superimposed onto each other.  On a 3D 
scan, the incisive foramen may be found in the anterior maxilla with high precision. 
The dry skull testing verified that all three examiners were able to accurately and 
reliably locate the landmarks.  All landmarks had ICC values of at least good to excellent.  
The data from the dry skull demonstrated that the examiners were properly trained to 
locate the landmarks.   
 21 
Even though locating the landmarks exhibited relatively good to excellent 
reliability, there was still some difficulty in pinpointing particular landmarks.  In 
particular, the genial tubercles displayed significant variability in their anatomical 
structure.  Typically, the most posterior-superior limit was selected as the indicator for 
genial tubercles and usually that would be on the superior spine. On other patients there 
was only one tubercle seen and occasionally a patient would have no distinguishable 
genial tubercles (Figure III).  In these cases, the three examiners would have to estimate 
where a genial tubercle would be and there would be a variance in the placement of the 
points.  There can also be variability in the location of the genial tubercles.  Past studies 
have identified that the genial tubercles can range from having a 9 to 15 mm distance 
from the apex of the lower incisors 18.  The possible 6 mm deviation would contribute to 
the variability in the location of the genial tubercle landmark. 
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Figure III. (a) Two distinguishable genial tubercles (b) 1 large genial tubercle (c) no 
distinguishable genial tubercle 
 
 
The quality of scans came into question for some scans for the anterior clinoid 
processes.  Occasionally, the area around the anterior clinoid had variable density due to 
the sphenoid being primarily composed of spongy bone, and it in consequence affected 
the scan.  There can be irregular borders of the surface of the sphenoid (Figure IV), which 
could account for error when locating the left and right anterior clinoid processes.   
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          Figure IV. Irregular borders for anterior clinoids. 
 
 
A discrepancy was revealed between the incisal tips of the upper incisors versus 
the apices.  The tips of the incisors proved to be one of the most reliable with a ICC of at 
least .9 for both intra and inter examiner across all three planes.  However, the apices of 
the upper incisors had a discrepancy in the Z plane with an inter-examiner ICC at .78.  
The apices of the upper incisors can be flat which made localization of a point difficult on 
a plane.     
The last landmark that had a moderate ICC was the lesser palatine foramen of the 
maxilla.  The lesser palatine foramen is typically positioned in the posterior of the 
maxilla, posterior to the greater palatine foramen.  The orifice often varied in size and 
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varied in position in the maxilla.  The height of the palatal vault varied and could make 
locating the foramen more difficult because the palate would not be at a uniform level 
and made the foramen start and end on a slope. 
Crista galli and lingula were the most reliable points.    Both the points displayed 
an intra- and inter-examiner ICC of at least .9 in all three planes of space.  Anterior and 
posterior nasal spine both also registered with high correlation.  Two common 
characteristic of all highly reliable landmarks was the fact that they were low variable 
locations and also had a distinct point that the examiner could clearly visualize on the 3-
D rendering.  The lingula is found 15.3 mm from the mandibular notch25, which 
contributes to the ease of finding the lingula.  Foramina such as the foramen magnum for 
basion and the anterior portion of incisive foramen exiting the maxillary palate were also 
highly reliable because of the consistent location and because the most anterior portion of 
the foramen was located instead of the center. 
Other studies have identified landmarks such as the styloid process, mental 
foramen and hyoid bone as having high ICC values 19.  There are other landmarks that 
can be used in order to help evaluate different areas of the skull.  The foramen rotundum 
might serve as a landmark for the middle cranial base; the inferior orbital canal might be 
a substitute for orbitale.  Other dimensions can be explored such as transverse dimension 
by locating the frontozygomatic suture.  With the information gained from this study, a 
three dimensional analysis of the human skull might be constructed.  Reliable points 
could then be incorporated into a 3-dimensional analysis where planes can be constructed 
in order to measure the pitch, roll and yaw of a particular patient.  
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CONCLUSION 
 
Choosing new landmarks from CBCTs were found to be precise and reliable if 
examiners are properly trained to locate the points.  Caution must be taken when locating 
the lesser palatine foramen because of variability of the placement and difficulty in 
finding the landmark.  These points may demonstrate a new type of standard when 
determining landmarks for 3-D evaluation of the skull.   
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